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ABSTRACT

A diagnostic analysis and an appraisal of the precipitation calculation by the GFDL (Geophysical Fluid
Dynamics Laboratory) 1967 version prediction model are presented, using two-week forecasts of 12
January and 12 July cases. The geographical distribution of predicted rainfall, moisture and snow over
the Northern Hemisphere and the contiguous United States was investigated in comparison with
climatological maps published by other authors. The agreement of precipitation and dew-point tempera-
ture is marginal. The major causes for the deficiencies are 1) a specification of excessive soil moisture
over land, 2) probably an improper treatment of moisture diffusion associated with topography, and
3) an inadequate rain generation process in the model. However, the predicted snow distribution over
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the United States was reasonable.

1. Introduction

The GFDL 1967 version .prediction model was
applied to a series of two week forecasts for 12
January and 12 July cases taken from 196470 data
(Miyakoda et al., 1972; 1979—hereafter referred
to as Part I and Part II). The cases were independ-
ent since only two winter and two summer cases
were selected for each year. Since the condensation
of water vapor is one of the most complex proc-
esses, and the associated precipitation is one of the
most difficult elements in weather forecasts, the
model’s performance for the precipitation simula-
tion will be treated separately here in Part III.

As is usually the case in the general circulation
model (GCM), the precipitation in this study was
obtained using a physical approach instead of a
probabilistic approach. The model includes two
types of condensation processes. One is the grid-
resolvable-scale process, in which condensation
occurs at a specified saturation humidity. The other
is the subgrid-scale process, in which the thermo-
dynamics of cumulus clouds is treated as a bulk
effect.

In the first type, the process is straightforward.
Condensation and the concomitant release of latent
heat take place at a grid point in situ, if the humidity
reaches a specified saturation value. For the second
type, the method of ‘‘moist convective adjustment”’
(Manabe et al., 1965) was used, in which the effect
of ensembled cumulus clouds is treated within a
vertical column of the model’s' atmosphere instead
of at a single grid point. Condensation occurs if the
atmosphere is moisture-saturated in any layer of
conditional instability. Consequently, the equivalent

potential temperature is adjusted instantaneously

to a condition of neutral stability, and the moist

static energy is conserved during the adjustment.
In practice, the second type of process is applied
first to moist unstable layers, and thereafter, the
first type is carried out for moist stable layers.

In both types of condensation, the saturation
humidity was assumed to be 80% everywhere
(Miyakoda et al., 1969). A saturation criterion of
100% was not used because it was found that the
ensemble average saturation value for the large scale
should be somewhat less (Smagorinsky, 1960). The
value of 80% was selected empirically. If a 100%
criterion were used, precipitation amounts would
be considerably underforecast in the early stages of
the forecast, although the model’s atmosphere
would eventually adjust to the imposed condition
whatever the criterion is. The algorithms for cal-
culating snowfall will be described later.

The predicted rainfall, snowfall and moisture were
averaged over 12 cases. First displayed is the zonal
average, then the hemispheric distribution and lastly
the distribution over the United States. The com-
parison of the simulated rainfall with climatology
over the United States is particularly useful, since
reliable observations were available over this region.

2. Latitudinal distribution of precipitation and
humidity

Fig. 1 is the zonal mean precipitation rate for the
January and July ensembles. The observations were
taken from the climatology of Jaeger (1976) for
January and July and also from Schutz and Gates
(1971) for December-January-February and June-






